The soft topological spaces and some their related concepts have studied in [7] . In this paper, we introduce and study the notions of soft connected topological spaces after a review of preliminary definitions.
Introduction
Some theories such as theory of vague sets, theory of rough sets and etc, can be considered as mathematical tools for dealing with uncertainties. But all of these theories have their own difficulties. Molodtsov [5] introduced the concept of soft sets in order to solve complicated problems in some sciences such as, economics, engineering and etc. In fact the concept of soft sets is a new mathematical tool which is free from the difficulties mentioned above.
In 2011, Shabir and Naz introduced and studied the concepts soft topological space and some related concepts such as soft interior, soft closed, soft subspace and soft separation axioms. This is a natural activity that a topologist wants to prove or disprove another important theorems of general topology of the soft set form. For instance in [1] , the authors introduced the soft product topology and defined the version of compactness in soft spaces named soft compactness.
In this paper, we introduced some concepts such as soft connectedness, soft locally connectedness and we exhibit some results related to these concepts and soft product spaces. Proposition 2.3. Let (F, E) be a soft set in SS(X) E . Then (i) (F, E) ∪ (F, E) ′ = X, (ii) (F, E) ∩ (F, E) ′ = Φ E , (iii) (F, E) ∩ X = (F, E).
Proof. Let (F, E) ∩ (F, E) ′ = (H, E). Then H(e) = F (e) ∪ F ′ (e) = F (e) ∪ (X − F (e)) = ∅. Therefore (H, E) = Φ E . Theorem 2.4. A soft topological space (X, τ, E) is soft connected if and only if the only soft sets in SS(X) E that are both soft open and soft closed over X are Φ E and X.
Proof. Let (X, τ, E) be soft connected. Suppose to the contrary that (F, E) is both soft open and soft closed in X different from Φ E and X.Clearly, (F, E)
′ is a soft open set in X different from Φ E and X. Now by Proposition 2.3 we have (F, E), (F, E)
′ is a soft separation of X. This is a contradiction. Thus the only soft closed and open sets in X are Φ E and X. Conversely, let (F, E), (G, E) be a soft separation of X. Let (F, E) = X. Then Proposition 2.3 implies that (G, E) = Φ E . This is a contradiction. Hence, (F, E) = X. Since F (e)∩G(e) = ∅ and F (e) ∪ G(e) = X, for each e ∈ E, we have
′ . This shows that (F, E) is both soft open and soft closed in X different from Φ E and X. This is a contradiction. Therefore, (X, τ, E) is soft connected. (i) Let (F, A) be a soft set in SS(U ) A . The image of (F, A) under f pu , written as f pu (F, A) = (f pu (F ), B) is a soft set in SS(V ) B such that,
(ii) Let (G, B) be a soft set in SS(V ) B . Then the inverse image of (G, B) under f pu , written as f
Proposition 2.6. Let SS(U ) A and SS(V ) B be families of soft sets. For a function f pu :
We have
On the other hand, let f
Definition 2.7. Let (U, τ, A) and (V, τ ′ , B) be soft topological spaces. Let f pu : SS(U ) A −→ SS(V ) B be a function. Then f pu is said to be soft pucontinuous if for each (F, B) ∈ τ ′ we have f −1 pu (F, B) ∈ τ . Theorem 2.8. Let f pu be a soft pu-continuous function carrying the soft connected space (U, τ, A) onto the soft space (V, τ ′ , B). Then (V, τ ′ , B) is soft connected.
Proof. Suppose to the contrary there exists a soft separation (F, B), (G, B) of V . Then Proposition 2.6 implies that
since f pu is surjective, by Theorem ... and Proposition 2.6, we have (F, B) = Φ B . This is a contradiction. Therefore f −1 pu (F, B) and by a similar reason f
is a soft separation of U . This is a contradiction, and this completes the proof. Definition 2.9. Let (F, E) be a soft set over X and Y be a nonempty subset of X. Then the sub soft set of (
for each e ∈ E. In other word (
Definition 2.10. Let (X, τ, E) be a soft topological space over X and Y be a nonempty subset of X. Then
is said to be the soft relative topology on Y and (Y, τ Y , E) is called a soft subspace of (X, τ, E).
for each e ∈ E. Therefore, (B, E) = (I, E).
Proposition 2.12. If the soft sets (F, E) and (G, E) form a soft separation of X, and (Y, τ Y , E) is a soft connected subspace of (X, τ, E), then Y lies entirely within either (F, E) or (G, E). 
) are soft open sets over Y , then we have a soft separation of Y . This is a contradiction. This completes the proof.
Proposition 2.14. Let {(F α , E)} α∈J be a family of soft sets in
Lemma 2.15. Let (Y, τ ′ , E) and (Z, τ ′′ , E) be soft subspaces of (X, τ, E) and
is a soft subspace of (Z, τ ′′ , E).
Proof. By Proposition 2.11, we have
is a soft open set of (X, τ, E). Therefore, by Proposition 2.13, we have
. This completes the proof. Theorem 2.16. The union of a collection of soft connected subspace of (X, τ, E) that have non-null intersection is soft connected.
Proof. Let {(Y α , τ Yα , E)} α∈J be an arbitrary collection of soft connected soft subspace of (X, τ, E). Suppose to the contrary that there exists a soft separation
. By the Proposition 2.14, we have
, it is easy to see that x ∈ Y ∩ G(e), also x ∈ Y ∩ F (e), for each α ∈ J. This is a contradiction. Therefore Y α ⊆ Y ∩ (F, E), for each α ∈ J. Now we can see that Y ⊆ Y ∩ (F, E). Proposition of [8] implies that
. This is a contradiction. This completes the proof. Definition 2.18. Let (F, E 1 ) and (G, E 2 ) be soft sets in SS(X) E1 and SS(Y ) E2 , respectively. Then the cartesian product of (F, E 1 ) and (G, E 2 ) denoted by (F ×G, E 1 ×E 2 ) in SS(X×Y ) E1×E2 is defined as (F ×G)(e 1 , e 2 ) = F (e 1 )×G(e 2 ).
This implies (i). (ii) Let (F
Therefore, (H,
∈ τ 2 } and τ be the collection of all arbitrary union of elements of B. Then τ is a soft topology over X × Y .
Proof. We have Φ E1 = (φ 1 , E 1 ) ∈ τ 1 and Φ E2 = (φ 2 , E 2 ) ∈ τ 2 . Then, by Proposition 2.19,
This shows that
This implies that (H, E 1 × E 2 ) ∈ τ . Finally, It is obvious that an arbitrary union of elements of B is an elements in τ . This completes the proof.
Definition 2.21. Let (X, τ 1 , E 1 ) and (Y, τ 2 , E 2 ) be soft spaces. Then the soft space (X ×Y, τ, E 1 ×E 2 ) as defined in previous proposition is called soft product topological space over X × Y .
Proposition 2.22. Let (F, E 1 ) and (G, E 2 ) be soft sets in SS(X) E1 and SS(Y ) E2 , respectively. Then,
On the other hand,
If we denote this soft set by (H, E 1 × E 2 ) we have,
This completes the proof.
Corollary 2.23. Let (F, E 1 ) and (G, E 2 ) be soft closed set in soft topological spaces (X, τ 1 , E 1 ) and (Y, τ 2 , E 2 ), respectively. Then (F,
Proof. It is obvious that (F,
. This completes the proof.
Definition 2.24. Let (X, τ, E) be a soft topological space over X and x, y ∈ X such that x = y. If there exist soft open sets (F, E) and (G, E) such that
, and vice versa.
Proof. By the hypothesis x ∈ e1∈E1 F (e 1 ) and y ∈ e2∈E2 G(e 2 ). Therefore,
This shows that (x, y) ∈ (F, E 1 ) × (G, E 2 ). Conversely is similar.
Proposition 2.26. The product of two soft Hausdorff spaces is soft Hausdorff.
Proof. Let (X, τ 1 , E 1 ) and (Y, τ 2 , E 2 ) be soft Hausdorff spaces. we consider distinct points (x 1 , y 1 ) and (x 2 , y 2 ) of X × Y . Without loss of generality let
and this completes the proof.
Proposition 2.27. Let {(F α , B)} α∈J be an arbitrary family of soft sets in
for each a ∈ A. On the other hand if
for each a ∈ A. This completes the proof.
Lemma 2.28. Let the soft topological space (V, τ ′ , B) is given by soft basis B. Then to prove soft pu-continuity of f pu it suffices to show that the inverse image of every soft basis element is soft open.
Proof. We consider f pu : SS(U ) A −→ SS(V ) B . Let (F, B) be a soft open set in soft space (V, τ ′ , B). We can write (F, B) = ∪ α∈J (F α , B) , where B = {(F β , B)} β∈I is a soft basis of (V, τ, B) and J ⊆ I. By Proposition 2.27 we have
that is a soft open set in (U, τ, A).
Theorem 2.29. The soft cartesian product of soft connected space (U, τ 1 , A) and (V, τ 2 , B) is soft connected.
Proof. We choose a base point (u ′ , v ′ ) in the product U ×V . We can see that the soft space (U × {v
is soft connected. Otherwise, there exists a soft
is a soft separation of U . This is a contradiction. Therefore
is soft connected. By a similar reason ({u} × V, τ u , A × B) is soft connected, for each u ∈ U . As a result each soft space T u = (U × {v ′ }) ∪ ({u}×V ), τ v ′ u , A×B is soft connected being the union of two soft connected soft subspace that have non-null intersection. It is easy to see that (U × V, τ, A × B) is soft connected, where U ×V = u∈U (U ×{v ′ })∪({u}×U ) , because it is the union of a collection of soft connected subspace that have non-null intersection ({u
If we denote the class of x by C, it is easy to see that C is the union of soft connected subspace of (X, τ, E) that they have x in their intersection. Theorem 2.16 implies that the soft components are soft connected. Since C = x∈Ax Ax, where (A x , τ x , E) is soft connected subspace, for each x ∈ X. We can see that each soft connected subspace (Y, E) lies entirely within just one of C.
Theorem 2.33. The soft components of (X, τ, E) are soft connected disjoint subspace of (A x , τ, E) whose union is X, such that each soft connected subspace lies entirely within just one of them. Definition 2.34. A soft topological space (X, τ, E) is said to be soft locally connected at x ∈ X if for every soft open set (F, E) containing x, there is a soft connected soft open (G, E) containing x contained in (F, E). If (X, τ, E) is soft locally connected at each of its points, it is said simply to be soft locally connected. Proof. Let C be a soft component of (Y, τ Y , E). If x ∈ C, there exists a soft connected soft open (F x , E) such that x ∈ (F x , E) ⊆C. It is easy to see that C = ∪ x∈C (F x , E). Therefore C is soft open in X. Conversely, let (Y, E) be a soft open set containing x. Let C be the soft component of (Y, τ Y , E) containing x. By the hypothesis C is soft open and by Theorem 2.33, (C, τ C , E) is soft connected. Therefore, (X, τ, E) is soft locally connected. Definition 2.36. A soft topological space (X, τ, E) is said to be soft weakly locally connected at x ∈ X if for every soft open set (Y, E) containing x, there is a soft connected subspace of (X, τ, E) contained in (Y, E) that contains a soft open set (F, E) containing x and similar to the soft locally connectedness, if (X, τ, E) is soft weakly locally connected at each of its points, it is said simply to be soft weakly locally connected. Theorem 2.37. If (X, τ, E) is soft weakly locally connected. Then it is soft locally connected.
